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ABSTRACT

In recent years, there has been a rise in automotive research on
renewable energy-based battery charging systems for electric
vehicles (EV). This study fully examines a solar PV battery-fed
electric car using a transformerless buck-boost converter. Among the
several advantages of employing batteries to store energy in ground
vehicles are zero emissions, load levelling, and great transient
performance. To achieve these requirements, a bidirectional DC-DC
converter is required to connect the PV to the battery's dc-link. A PV-
powered electric vehicle must be capable of charging and discharging
in two separate modes. In this research, the Maximum Power Point
Tracking (MPPT) approach is used to gather the most electricity from
solar PV. Moreover, a DC-DC converter with bidirectional output
necessitates the use of a closed-loop control circuit, which is
suggested in this study. To boost efficiency, a novel solar MPPT
system with an integrated transformerless Buck-Boost power
converter was created. The article explains the Buck-boost power
inverter's analysis, modelling, and control. To enhance PV energy
extraction, the transformerless Buck-Boost power inverter
incorporates a super boost converter and a buck converter through a
variable mode controller. Lastly, research on the MPPT system with
battery chargers and DC loads is carried out. Experiment findings
reveal that output power rises clearly with increasing sun radiation.
MATLAB simulations are performed to validate the system's
effectiveness.
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Air pollution, particularly PM, is a serious challenge
facing by transportation sector of various countries.
The World Health Organization (WHO) reported 3.7
million death tragedies in the world below 60 in 2012
due to atmospheric air pollution, 90% population are
located in developing countries [1]. Presently 1.7 mil-
lion child expiries a year and total 9 million people
died each year, says WHO [2,3]. And nearly18% of
premature births (before 37 weeks gestation)
(globally) are related to exposure to outdoor air
pollution [3]. China reported 1.22 and 1.28 million
premature death cases in 2005 and 2010, respectively
[4]. According to an estimate of the 2017 Global
Burden of Disease, atmospheric air pollution is

responsible for more than 4.2 million early deaths, of
these, India accounts for 1.1 million each year
expiries [5]. Although due to smaller vehicle fleet
relative to large population, India fixes low per capita
transportation emissions. The big factor is the
exponential growth of vehicle fleet, because of the
growth in vehicle sales (about 10 million in 2007 to
over 21 million in 2016 and expected to nearly double
to about 200 million by 2030 in India [6]. A number
of health and medical organizations claimed that the
diesel engine exhaust is more prone to cancer in
humans [7]. Also, rising fuel costs and growing
public concerns on environmental problems such as
air quality, global warming, etc. have led the
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governments and automobile industries to develop
eco-friendly, emission-free means of transportation
[8] i.e. green transportation systems e.g. walking,
cycling, regular public conveyance, and rail transport
system, etc. Vehicles include natural gas vehicle,
hybrid energy vehicle, electric vehicle, hydro- gen-
powered vehicle, and solar energy vehicle [9].

Vehicle emission standards are adopted to incorporate
soot free fleet services around the world [10,11].
Countries like Europe, the United States, Japan, and
India adopt Euro 6/VI equivalent standards (for light-
and heavy-duty vehicles) that reduce 99% emissions
like (NOx), (NH3), (N20), etc. [12,6] and justifying
the regulation of risk of ischemic heart disease, lung
cancer, stroke, and asthma [13]. But the best option is
renewable energy.

The outcome of this paradigm shift, EVs and PHEVs
are emerging as attractive alternatives to [CEVs [14].
Owing to the importance of EVs, the national and
international governments worldwide (U.S.A., UK.,
China, Germany, France, Japan, Norway,
Netherlands, etc.) have passed various resolutions and
supervisory steps and allocated substantial fund to
encourage EV and PEV deployment and
implementation [15]. Long-term planning scenarios
specify that the EVs must capture almost entire global
vehicle fleet, mostly propelled by renewable sources,
by 2050 to avoid worst-case global climate change
scenarios [16].

The advantages of EV-PV charging system are.
1. Reduction in the EV charging load penetration on
the grid.

2. The voltage problem in the distribution system is
avoided [17].

3. Electric supply charges paid to the utility are also
reduced.

4. Efficiency is on the higher side in direct DC EV-
PV interconnection.

5. Energy storage reduces as EV battery doubles up
the PV storage.

6. Feasibility of Vehicle-to-grid (V2G) and Vehicle-
to-home (V2H) strategies [18-22].

7. Lower fuel cost and no emissions at the tailpipe
(‘well to wheel’) [23].

8. No maintenance/noise because of no moving part.

9. Installation is feasible everywhere [24].

2. PHOTOVOLTAIC MODELLING

In general, photovoltaic (PV) arrays convert sunlight
into electricity. DC power generated depends on
illumination of solar and environmental temperature

which are variable. It is also varied according to the
amount of load. Under uniform irradiance and
temperature, a PV array exhibits a current-voltage
characteristic with a unique point, called maximum
power point, where the PV array produces maximum
output power. In order to provide the maximum
power for load, the maximum-power-point-tracking
(MPPT) algorithm is necessary for PV array. Briefly,
an MPPT algorithm controls converters to
continuously detect the instantaneous maximum
power of the PV array [2].

m@) oyl

Fig. 1: Equivalent circuit of PV model.

A. Ideal PV Cell Model

The equivalent circuit of the ideal PV cell is shown in
Fig. 1. The basic equation from the theory of
semiconductors [3] that mathematically describes the
[-V characteristic of the ideal PV cell is as follows:
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where Ipv,cen is the current generated by the incident
light (it is directly proportional to the sun irradiation),
14 1s the Shockley diode equation, locen is the reverse
saturation or leakage current of the diode, g is the
electron charge (1.60217646 x 107 C), k is the
Boltzmann constant (1.3806503 x 1072 J/K), T (in
Kelvin) is the temperature of the p-n junction, and “a”
is the diode ideality constant [4].

A. Modeling the PV Array

Equations (1) and (2) of the PV cell do not represent
the V-1 characteristic of a practical PV array. Practical
arrays are composed of several connected PV cells
and the observation of the characteristics at the
terminals of the PV array requires the inclusion of
additional parameters to the basic equation [3, 4]:

vt RS;]—1]— V:RSI (3)

)

= Ipy— I [ex_::( -
where Ipv and I are the PV current and saturation
currents, respectively, ofthearrayand V,= N;kT./q is
the thermal voltage of the array with /Vy cells
connected in series. Cells connected in parallel
increase the current and cells connected in series
provide greater output voltages. If the array is
composed of N, parallel connections of cells, the PV
and saturation currents may be expressed as Ipy =
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Np Ipv.cent, Io =Ny Iocen. In (3), R, is the equivalent
series resistance of the array and R, is the equivalent
parallel resistance. Equation (3) describes the
single-diode model presented in Fig. 1 [4].

All PV array datasheets bring basically the following
information: the nominal open- circuit voltage (Voc,x),
the nominal short-circuit current (Is,»), the voltage at
the MPP (Vipp), the current at the MPP (Iinpp), the
open-circuit voltage/temperature coefficient (Kv ), the
short-circuit current/temperature coefficient (K7 ), and
the maximum experimental peak output power (Pmax).
This information is always provided with reference to
the nominal condition or standard test conditions
(STCs) of temperature and solar irradiation. Some
manufacturers provide [I-V curves for several
irradiation and temperature conditions. These curves
make easier the adjustment and the validation of the
desired mathematical /-V equation. Basically, this is all
the information one can get from datasheet of PV
arrays [4].

Electric generators are generally classified as current
or voltage sources. The practical PV device presents
hybrid behavior, which may be of current or voltage
source depending on the operating point. The practical
PV device has a series resistance Ry whose influence is
stronger when the device operates in the voltage
source region and a parallel resistance R, with stronger
influence in the current source region of operation. The
R; resistance is the sum of several structural
resistances of the device. R, basically depends on the
contact resistance of the metal base with the p
semiconductor layer, the resistances of the p and n
bodies, the contact resistance of the n layer with the
top metal grid, and the resistance of the grid [S]. The
R, resistance exists mainly due to the leakage current
of the p-n junction and depends on the fabrication
method of the PV cell. The value of R, is generally
high and some authors neglect this resistance to
simplify the model. The value of Ry is very low, and
sometimes this parameter is neglected too.

The V-I characteristic of the PV array, shown in Fig.
2, depends on the internal characteristics of the device
(Rs, Rp) and on external influences such as irradiation
level and temperature.

The amount of incident light directly affects the
generation of charge carriers and, consequently, the
current generated by the device. The light-generated
current (Ipv) of the

Current (A)

Fig. 2: V-I characteristic of PV.

elementary cells, without the influence of the series
and parallel resistances, is difficult to determine.
Datasheets only inform the nominal short-circuit
current (Is»), which is the maximum current available
at the terminals of the practical device. The
assumption /s = Ipy is generally used in the modeling
of PV devices because in practical devices the series
resistance is low and the parallel resistance is high.
The light-generated current of the PV cell depends
linearly on the solar irradiation and is also influenced
by the temperature according to the following
equation (4), [2, 4, 6-8]

| &

Ipy = (Ipyp+ KAT) = (4)

where Ipy,, (in amperes) is the light-generated current
at the nominal condition (usually 25°C and 1000
W/m?), AT = T = T,, (T and T, being the actual and
nominal temperatures (in Kelvin), resp.), G (watt per
square meter) is the irradiation on the device surface,
and G, is the nominal irradiation. V;, is the thermal
voltage of N series-connected cells at the nominal
temperature 7.

The saturation current Iy of the PV cells that compose
the device depend on the saturation current density of
the semiconductor (Jo, generally given in [A/cm?]) and
on the effective area of the cells. The current density
Jo depends on the intrinsic characteristics of the PV
cell, which depend on several physical parameters
such as the coefficient of diffusion of electrons in the
semiconductor, the lifetime of minority carriers, and
the intrinsic carrier density [9]. In this paper the diode
saturation current Iy is approximated by the fixed
value (6 mA).

The value of the diode constant “a” may be arbitrarily
chosen. Many authors discuss ways to estimate the
correct value of this constant. Usually, 1 <a < 1.5 and
the choice depends on other parameters of the I-V

9

model. Some values for “a” are found in [6] based on

empirical analyses. Because “a” expresses the degree
of ideality of the diode and it is totally empirical, any
initial value of “a” can be chosen in order to adjust the
model. The value of “a” can be later modified in
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order to improve the model fitting, if necessary. This
constant affects the curvature of the V-I curve and
varying a can slightly improves the model accuracy

[4].
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Fig. 3: P-I characteristic of PV.

2.1. STAND -ALONE SOLAR POWER
SYSTEM

The solar PV system consists of a PV module, the
dc/dc boost converter, the maximum power point
tracking algorithm and the load. Radiation (R) is
incident on the PV module. It generates a voltage (V)
and current (I) which will be fed into the load [3]. The
voltage power characteristic of a photovoltaic (PV)
array is nonlinear and time varying because of the
changes caused by the atmospheric conditions. When
the solar radiation and temperature varies the output
power of the PV module also changes. In order to
obtain the maximum efficiency of the PV module, it
must operate at the maximum point of the PV
characteristic. The most extreme power point relies
upon the temperature and irradiance which are non-
direct in nature. The greatest power point following
control framework is utilized and work viability on
the non-straight varieties in the parameters, such as
temperature and radiations [4]. A MPPT is used for
extracting the maximum power from the solar PV
module and transferring that power to the load. A
dc/dc converter (boost converter) serves the purpose
of transferring maximum power from the solar PV
module to the load. A dc/dc converter acts as an
interface between the load and the module. The dc/dc
converter with maximum power point tracking
algorithm and the load is shown in Fig. 4. By
changing the duty cycle, the load impedance as seen
by the source is varied and matched at the point of the
peak power with the source so as to transfer the
maximum power. Therefore, MPPT techniques are
needed to maintain the PV array’s operating at its
MPP [3].

DC
DC

PV module > Load

Y

A

» MPPT
Fig. 4: Block Diagram of PV System with MPPT

2.2. MAXIMUM POWER POINT TRACKING
Most extreme Power Point Tracking (MPPT) is
helpful apparatus in PV application. Sun oriented
radiation and temperature are the primary factor for
which the electric power provided by a photovoltaic
framework. The voltage at which PV module can
create greatest power is called 'most extreme power
point (pinnacle control voltage). The primary rule of
MPPT is in charge of separating the greatest
conceivable power from the photovoltaic and feed it
to the heap by means of dc-to-dc converter which
steps up/ down the voltage to required size [5]. The
operating point of a PV generator is located at the
intersection of its current-voltage curve with the load-
line. This operating point may be far from the
maximum power point (MPP) of the generator
wasting a significant part of the available solar power.
To achieve optimum matching between the PV
generator and the load, an MPP tracker, normally
comprised of a simple dc-dc converter, is used. The
duty ratio of the converter is controlled by an MPPT
algorithm to maximize the power delivered to the
load.

A number of different MPPT algorithms have been
proposed [1-3], including the P&O algorithm. This
simple algorithm does not require previous
knowledge of the PV generator characteristics or the
measurement of solar intensity and cell temperature
and is easy to implement. The algorithm perturbs the
operating point by increasing or decreasing a control
parameter by a small amount and measures the PV
array output power before and after the perturbation.
If the power increases, the algorithm continues to
perturb the system in the same direction; otherwise
the system is perturbed in the opposite direction (Fig.
5).

There are two common approaches for implementing
the P&O algorithm; reference voltage perturbation [4-
10] and direct duty ratio perturbation [5, 7, 11-13].
For reference voltage perturbation, the PV array
output voltage reference is used as the control
parameter in conjunction with a controller (usually a
PI controller) to adjust the duty ratio of the MPPT
power converter. The PI controller gains are tuned
while operating the system at a constant voltage equal
to the standard test condition (STC) value of the MPP
voltage. These gains are kept constant while the
reference voltage is controlled by the MPPT
algorithm. For direct duty ratio perturbation, the duty
ratio of the MPPT converter is used directly as the
control parameter.
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Fig. 5: Flowchart of P&O MPPT algorithm

3. TRANSFORMERLESS BUCK-BOOST
CONVERTER

Identifying, evaluating and analysing the growing

environmental issues addresses us to use more

efficient, clean source of energy.

Taking fuel cells into account, it is an effective
alternative clean energy source and has less
hazardous effects on the environment. Due to its high
efficiency, steady operation with a renewable source
of energy it can be used as power supplies that have
better backup facilities and many other brilliant
features. The fuel cell output voltage is variable and
due to its low output, directly it cannot be connected
to load. To overcome difficulties and to make it more
beneficial, the buck-boost dc-dc converter is essential
for the applications which required constant DC
voltage.

The conventional buck-boost converter efficiency is
low and due to its limited effects, it is not proper for
fuel cells sources [1]. A several boost dc-dc
converters have been introduced to get high-level
voltage gain and high efficiency and a novel control
technique can be introduced to operate with low duty
cycle [2]. A flyback converter with low duty cycle
can achieve high-level voltage gain. It can be done so
by raising the turn’s ratio of the transformer but its
converter efficiency is low due to leakage inductor
and reverses recovery problems. The power switches
suffer voltage spike through it [3, 4]. High amount of
voltage gain dc-dc converters with a coupled inductor
is another option. Here, the leakage inductance of this
coupled capacitor adds voltage stress and cause high
voltage spike [5, 6].

A high conversion ratio bi-directional dc-dc converter
consists of five switches. It decreases the efficiency
and increases the circuit cost and conduction losses
[7]. Two power switches are utilized in a
transformerless interleaved high buck converter, and
it charges converter capacitor. Voltage Gain for
transformerless buck-boost dc-dc converters are
doubles that of traditional buck-boost converter. The
paper here presents a transformerless buck- boost dc-
dc converter with low voltage stress on the switch and
high boost voltage gain is designed and it utilizes
only single switch [8]. The designed converter
voltage gain is higher than other converters like buck-
boost, boost, ZETA, SEPIC and CUK converters. The
designed converter consists of single switch. The
output voltage is greater than the voltage stress across
diode and switch, so the efficiency of designed
converter can be enhanced and conduction loss of
power switch can be reduced. The designed converter
functions as a power supply and its input current is
discontinues, hence it is convenient for low power
and low voltage applications. The converter here can
be widely used, it can be used in gadgets like mobiles
and LED drives, electric vehicles and systems with
fuel cell. Simulations results are provided so as to
verify the feasibility of the converter. The simulation
is done in matrix laboratory (MATLAB) Simulink
software, and the results are verified.

3.1. SYSTEM DESIGN

A. DC-DC CONVERTER

There are several techniques such as linear,
electronics, capacitive, switched mode; magnetic,
capacitive is used to vary DC electrical power at
different voltage levels. They are used to increase or
decrease according to its need and applications. It
takes the power from the battery and steps down the
voltage level, similarly, according to need the voltage
level is reduces. It has two types that are Isolated and
Non- Isolated depending on its applications. Isolated
DC-DC converter requires more than four switches in
which breaking of the ground loop is done. While
Non-Isolated consists of inductors and two switches
which provide high efficiency. To run a radio, it
might be necessary to step down the power of the
large battery of 24 V to 12 V.

B. BUCK-BOOST CONVERTER

Buck-Boost converter works to either boosting or
bucking the voltage, the output voltage can be
increased or decreased. It is commonly used to
reverse the polarity. The output voltage varies from 0
to Vi and Vi to .
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Fig. 6: Basic Circuit of Buck-Boost Converter

The main principle of Buck-boost converter is
described below:

1. ON STATE: Inductor L, starts accumulating
energy since an inductor L is connected by input
voltage. The capacitor makes sure that the steady
state is a constant output voltage and provides the

energy to the load.

o {

1L
Fig. 7: ON State of Buck-Boost Converter

2. OFF STATE: Here, the output load and the
capacitor are connected to an inductor. This
provides output voltage/load higher or lower than
the source voltage.
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Fig. 8: OFF State of Buck-Boost Converter

3.2. CONFIGURATION OF BIDIRECTIONAL
CONVERTER
Bidirectional converters are employed to transfer the
power among two DC sources in both directions.
These converters are comprehensively used in diverse
utilizations. It acts as a mandatory one for assembling
the energy storage systems with PV. These converters
serve the purpose of stepping up or stepping down
and also same the voltage level transfer between its
input and output along with the capability of power
flow in both the directions. The Bidirectional DC-DC
converter is widely used in various applications such
as fuel storage areas, hybrid vehicles and
uninterruptable power supplies. These systems are

always backed up and supported by the sources which
are rechargeable such as battery units. The
bidirectional DC-DC converter is required to permit
power flow in both the directions at the standardized
level. In case of low DC bus voltage the bidirectional
converter is used to transfer the solar energy power to
the load. The circuit diagram of the proposed work is
shown in the fig. 9.

e |
?|
jE— C—= §LOA.DJE— 2 R;:_

|

Fig. 9: Proposed circuit diagram

The first half of the circuit is the DC-DC boost
converter design and the second half is the
bidirectional DC-DC converter. The boost converter
design is provided for the solar system. Any type of
converters either Boost, Buck or Buck-boost is used
to match the intrinsic impedance level of PV panels
with the impedance of load. Hence maximum power
transfer is possible. MPPT is obtained by
manipulating the duty cycle ratio of DC-DC
converter, hence PV panel operates at its maximum
power point.

=

Vi —/—

In our proposed work, we used boost converter which
connects PV array with load. MPPT algorithm
modifies the duty ratio such that PV array is operated
at voltage corresponding to maximum power point.
Generally, in areas other than Solar PV, input to boost
converter is constant voltage source. In those circuits
duty ratio is measured based on the required
amplification and circuit parameters are found based
on allowable range of ripple. But, in case of
photovoltaic applications the input is PV array which
is a non-linear dependent current source.

First, we should design the boost converter
considering required output voltage for load. The
functioning of boost converter is checked based on
the constant power level by changing the load. By
altering the load voltage and current changes
accordingly but output power and input power for
boost converter must be same. If any difference
occurs, it indicates the losses. The next stage is
bidirectional DC-DC converter which operates in
forward and reverse directions. It is described below
in detailed manner.

A. Bidirectional converter circuit
The bidirectional DC-DC converter is one of
renowned types of DC-DC converter. It performs
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both buck and boost operations and it has the ability
to reverse the current flow direction and also the
power transfer between two DC sources. It acts as
buck mode when it charges the battery and it acts as
boost mode when the battery discharges power to
load. This topology incorporates a non-isolated
bidirectional converter for a battery charging and
discharging areas. The bidirectional power flow for
battery charging and discharging is carried out by
using two switches. Here, MOSFET is used as switch.

CHARGING
s1 C—————> L1 R1

|I|+

DISCHARGING
Fig. 10: Bidirectional converter circuit

In the proposed circuit given above, there are two DC
sources which are represented as V1 and V2. Where
V1 is the solar PV panel and V2 is the battery. Since,
the PV system output power is mainly depended on
weather conditions, sometime PV produces more
power than the load requirement and hence the excess
power will be stored in the Battery using bidirectional
switches, which can be later used during night time
and in case of seasonal modifications in weather.
These converters are habitually used in variety of
applications, like hybrid power networks, and battery
storage systems.

The bidirectional conversion is carried out by two
switches, and are regulated with the help of
controllers. During boost mode the switch S1 is ON
and switch S2 is OFF. At buck mode the switch S2 is
ON and switch S1 is OFF. Cross conduction issues
will not persists, since the switching operations are
carried out based on the provided dead time
appropriately. Due to the availability of compensation
source, the output will be provided continuously to
the DC load based on the requirement without any
interruption. The main aim of this proposed system is
to provide uninterruptable supply with the help of
bidirectional topology. The merits of this propose
work are it requires less components, it does not
require transformer, low cost, and provides high
efficiency.

There are two different operating modes. They are
buck mode and boost mode.

Mode- 1

e,

- 52

51
R2 §
Vi —— §LOAD

Fig. 11: Mode 1

The function of Mode 1 is represented in the fig. 11.
The buck mode is the first operating mode and is also
called as forward power flow mode. This mode
comes into act, when the generated solar power is
greater than the load requirement and when the
battery does not have full charge. At this mode switch
S1 will be turned on and switch S2 will be turned off.
Through S1 the power from the solar panel will be
supplied to the battery for charging purpose. When
switch S1 is ON, the input current rises and flows
through S1 and L. When S1 is OFF, the inductor
current falls until the next cycle. The energy stored in
inductor L is supplied for charging the battery. At this
mode the PV panels supplies power to the load and as
well as charge the battery through the excess power
generated by PV. At this mode the battery is charged
through buck mode.

Mode- 2

The function of Mode 2 is represented in the fig. 12.
The boost mode is the second operating mode and is
also called as reverse power flow mode. This mode
comes into act, when the generated solar power is
lesser than the load requirement, but the battery will
have full charge, hence it will provide compensation
and supply the power to load. At this mode switch S2
will be turned on and switch S1 will be turned off

L1 R1

LOAD § $2 I_ __? V2

Fig. 12: Mode 2

Through S2, the power from the battery will be
supplied to the load by discharging the battery. When
switch S2 is ON, the input current rises through
inductor L and S2.When S2 is OFF, the inductor
current falls until the next cycle. The energy stored in
inductor L flows through the load. At this mode the
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battery provides compensation until it discharges
fully. The PV panels also supplies the power to load
with the help of boost converter associated with it.
Hence, in this mode the battery provides power to
load through boost mode.

4. PV Array-Battery powered EV-PMDC Drive
Scheme

DC Motors have lots of desirable properties. Some of
them are reliability, durable, inexpensive, and also
using in low voltages, having positive conversion
coefficients between electrical and mechanical,
having size and design variation. For these reasons,
the DC motors are utilized in many applications.

A permanent magnet dc motor (PMDC) is one of the
DC motor types. PMDC system converts electrical
power provided by a voltage source to mechanical
power provided by a spinning rotor by means of
magnetic coupling. The equivalent circuit of a PMDC
motor is illustrated in Fig. 13. The armature coil of
the dc motor can be presented by an inductance (L,,)
in series with resistance (r_) in series with an induced
voltage (e,,) which opposes the voltage source.

l\|~n—n A- E rA+ I

| dc ‘,f
N ﬂl<dﬂ

m
u2
<Speed wm (radr‘s)

<Electrical torque Te (n m)>H

Fig. 14: The MATLAB/Simulink functional
model of the PMDC motor

4.1. Simulation Results and Analysis

The complete EV model is simulated in MATLAB,
the detailed simulation results along with discussions
as follows.

Transformerless Buck-Boost Convertr

Fig. 15: Solar PV Battery Fed Electric Vehicle
with Transformer less Buck Boost Converter
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Fig. 16: MPPT Algorithm (P&O)
DC BUS Voltage Control

@

PWM Generator

Fig. 17: DC Bus Voltage Control (PWM
Generator)

To analyze the performance of the solar PV battery
fed electric vehicle with transformer less buck boost
converter. The PV parameters of the system are
shown in Table I.

TABLE I: PV PARAMETERS

Parameters Specifications

Maximum power (W) 305.0063 W
Parallel strings 3
Series-connected modules )
per string

Cells per module (Ncell) 72
Open circuit voltage Voc (V) 44.88
Short-circuit current Isc (A) 8.95
Voltage at maximum power 3559
point Vmp (V) )
Current at maximum power 357
point Imp (A) )

At different irradiances (1000, 500, and 1000 IR) and
temperatures of 25 degrees Celsius, the performance
of a solar PV battery-fed electric vehicle with a
transformer-less buck boost converter was evaluated.
In solar mode, 1000 IR and 25 °C are utilized for 0-5
seconds of solar-powered electric vehicle operating,
and the battery is charged with solar energy. In
battery mode, 500 IR and 25 °C work in 5 to 10
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seconds. Electric vehicle run entirely on battery
power. Solar Mode was then cycled through for 10 to
15 seconds. SOC of battery is keep Increasing, motor
speed, torque and current maintained.
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Fig. 18: PV Voltage, PV Current & PV Power
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Fig. 19: PV Converter Current, Battery
Converter Current, Motor Current & Dc Bus
Current Vs Time in (S)

4 * 12V batteries with 48 Ah each are connected to a
bidirectional DC/DC converter that is controlled by a
DC bus voltage control system.
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Fig. 20: Battery Voltage, Battery Current & Dc
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S. CONCLUSION

In this study, we describe and test a solar PV battery-
fed electric vehicle using a transformerless buck-
boost converter for optimum power point tracking. A
transformerless buck-boost converter may operate in
both buck and boost modes, depending on the output
needs. Typically, a buck-boost converter is used
between the solar panel and the load side's DC bus.
The MPPT algorithm controls the transformerless
buck boost converter (P&0O). We provide the PV
voltage and current to P&O MPPT, which generates
the duty cycle. The pulse will be generated when the
PWM generator has processed the duty cycle. When
that pulse is applied to the Buck boost converter, it
will extract the maximum power from the PV panel.
The PMDC motor will operate as an electric vehicle,
taking power from both solar and battery sources
depending on irradiance and temperature. A
bidirectional DC/DC converter operated by a DC bus
voltage control system is attached to the battery.
Since the PMDC motor rating is 90V, we must
maintain the DC bus voltage at 90V in order to run
the EV system. This process will be carried out
through the PI controller, which will produce the duty
cycle for the PWM generator, after which the PWM
generator will generate the pulses for the bidirectional
converter to regulate the current flow in the system as
well as to maintain the voltage across the DC bus.
The experimental findings suggest that the topology
could successfully increase the energy transfer
efficiency of MPPT technology, which meets the
future development of EV systems.

Current (A)
>
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